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Available online 26 July 2015Data from the literature suggest that human embryonic stem cell (hESC) lines used in research do not genetically
represent all human populations. The derivation of hESC through conventional methods involve the destruction
of viable human embryos, as well the use of mouse embryonic ﬁbroblasts as a feeder layer, which has several
drawbacks. We obtained the hESC line (Amicqui-1) from poor-quality (PQ) embryos derived and maintained
on human amniotic epithelial cells (hAEC). This line displays a battery of markers of pluripotency and we dem-
onstrated the capacity of these cells to produce derivates of the three germ layers.
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Sixty-four IVF 3-day embryos (Fig. 1A) that were deemed PQ and
thus unsuitable for either uterine transfer or cryopreservation were
donated and cultured on hAEC. Morphological grading criteria used by
embryologists were previously described Racowsky et al., 2003. We ob-
served embryo outgrowth in 3 samples on the 4th day after plating. Just
one embryo outgrowth survived (Fig. 1B) consecutive mechanic pas-
sages until colonies were obtained and the line Amicqui-1 was
established. Our derivation efﬁciency was 1.5%, similar to that reported
in the literature Lerou et al., 2008a. This line presented a normal karyo-
type 46, XY (Fig. 1C), and itwaspositive for unspeciﬁc alkalinephospha-
tase (Fig. 1D). Amicqui-1 cells expressed the core genes of pluripotency,
OCT4, SOX2 andNANOG, detected by immunoﬂuorescence (Fig. 1E) and
by RT-PCR (Fig. 1F). Also, the linewas positive for surface antigens TRA-
1-60, SSEA-4 and the cellular adhesion molecule E-CADHERIN (Fig. 1E),
and it expressed KLF4, STELLA, SALL4, TBX3, KLF2, FGF4mRNAs for tran-
scription factors involved in pluripotency (Fig. 1D). Later, we evaluated
the differentiation capacity of Amicqui-1 cells through in vitro and
in vivo assays. The tissues derived from embryoid bodies were positive
for speciﬁc markers: mesoderm (T), ectoderm (PAX6 and TUJ-1) and
endoderm(FOXA2 and SOX17) (Fig. 1G),while the teratomas contained
differentiated cellular types from the three embryonic layers (Fig. 1H).the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Characterization of the Amicqui-1 hESC line obtained from a poor-quality embryo using hAEC as feeder layer. A) Representative bright-ﬁeld micrography of poor-quality, 3-day
embryos taken on an Olympus IX81 microscope; Scale bar = 100 μm. B) Outgrowth of a poor-quality, 3-day embryo on hAEC observed with a Zeiss Axio Vert A1 microscope; Scale
bar = 500 μm. C) Karyotype analysis, Amicqui-1 presents a normal karyotype 46, XY. D) Colonies of the Amicqui-1 line are positive for alkaline phosphatase; Scale bar = 500 μm.
E) Representative confocal micrographs showing double immunostaining for pluripotencymarkers on the Amicqui-1 cell line. The core pluripotencymarkers SOX2 and NANOG colocalize
with POU5F1;moreover, these transcription factors and surface antigens are expressed in the same colony (POU5F1with E-CADHERIN, NANOGwith TRA-1-60, SOX2with SSEA-4). Nuclei
stained with DAPI. Scale bar 50 = μm. F) Detection by RT-PCR of core pluripotency (POU5F1, SOX2, NANOG), ground-state (KLF4, STELLA, SALL4, TBX3, KLF2, FGF4) and epiblast (TFCP2L1,
ZFP42, GBX2, IFITM1, KIT) genes in the Amicqui-1 cell linemaintained on hAEC (AMQ-A) as well as on conventional iMEF (AMQ-M) feeder cell layers; hESC lines H1 and H9 served as pos-
itive controls; NEG: negative control. G)Micrographs of immunostaining for differentiationmarkers (PAX6 and TUJ-1 for ectoderm; T for mesoderm; FOXA2 and SOX17 for endoderm) of
tissues derived from embryoid bodies of Amicqui-1. Images were taken by confocal microscopy. Scale bar = 50 μm. H) Histological sections of teratomas formed by the Amicqui-1 hESC
line contain tissues derived from three embryonic layers. Scale bar = 200 μm.
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al feeder layer still expressed mRNAs for pluripotency factors (Fig. 1F).
2. Materials and methods
The PQ embryos from in vitro fertilization were donated, and the
fetal membranes were collected in accord with the INPER Ethics
Committee (212250-21071) as well as the Guidelines for the Conduct
of hESC Research (ISSCR, 2006).
The hAEC were isolated and cultured from human fetal membranes
according to theprotocol described previouslyMiki et al., 2010. The cells
were seeded at a density of 3 × 104/cm2 to use as feeder layer in passage
(P) 1. Primary and inactive CF-1 mouse embryonic ﬁbroblasts (iMEF)
were obtained as described in the literature Lerou et al., 2008b. The
hESC lines, H1 and H9 were obtain fromWiCell Research Institute, Inc.
and were used as controls.
Discarded PQ 3-day embryoswere transferred using pipettes (Cook)
onto 4-well plates (Nunc) and treated with Tyrode's acid solution
(SIGMA) to remove the pellucida zone. The embryos were washed
with hESC derivation medium containing KO DMEM, 3% fetal bovine
serum (FBS) embryonic stem cell-qualiﬁed, 17% KO serum replacement,
100 μM nonessential amino acids, 1 mM Glutamine, 100 μM β-
mercaptoethanol (all from Gibco), and 4 ng/ml basic ﬁbroblast growth
factor (bFGF) (Peprotech), then plated on a hAEC feeder layer in 4-
well dishes and incubated at 37 °C, in a 5% CO2 and 5% O2 atm. The
cells were undisturbed for two days and subsequently, the hESC deriva-
tion medium was changed every day until the embryo outgrowth was
observed. After two weeks, the embryo outgrowth was excised using
a 27G needle and passaged onto fresh hAEC feeder layers. The initial
passages were mechanical until colonies with a hESC-like-morphology
were observed. The Amicqui-1 line was maintained on hAEC as well
as on conventional iMEF feeder layers using maintenance medium
(DMEM/F12, 20% KO serum replacement, 100 μM nonessential amino
acids, 1 mM Glutamine, 100 μM β-mercaptoethanol (all from Gibco),
and 4 ng/ml bFGF (Peprotech)) until P40.
Alkaline phosphatase was detected with the Alkaline Phosphatase
Staining Kit (Stemgent) following the manufacturer's instructions.
2.1. Immunodetection
After ﬁxing cellswith 4% paraformaldehyde (PFA) for 10min, primary
antibodies were applied as follows: mouse anti-OCT-4 (Becton Dickson,
1:100), rabbit anti-OCT-4 (1:400, Abcam), rabbit anti-SOX2 (1:1000,
Millipore), rabbit anti-NANOG (1:500, Peprotech), mouse anti-E-
CADHERIN (Becton Dickson, 1:100), mouse anti-SSEA-4 (Abcam,
1:200), mouse anti-TRA-1-60 (Abcam, 1:250), rabbit anti-PAX6
(Abcam, 1:200), mouse anti-TUJ-1 (Covance, 1:1000), mouse anti-
SOX17 (Abcam, 1:100), rabbit anti-T (Abcam, 1:200), rabbit anti-
FOXA2 (Abcam, 1:1000). Appropriate ﬂuorescently labeled secondary
antibodies (Life Technologies) were used. The images were acquired
in a LSM 710 confocal microscope (Zeiss).
2.2. RT-PCR
Total RNA was isolated using TRIzol (Life Technologies). Total RNA
was reverse-transcribed into cDNA with OligodT (Promega) using
AMV Reverse Transcriptase (Promega). PCR was performed Tﬂ DNA
polymerase (Promega). Cycling conditions were as follows: 95 °C for
15 min followed by 35 cycles of ampliﬁcation (95 °C denaturation for
60 s, 54 to 58 °C annealing for 60 s, 72 °C elongation for 60 s) and a
ﬁnal extension at 72 °C for 10 min.
2.3. Primers
POU5F1_F: GAG GAG TCC CAG GAC ATG AA; POU5F1_R: GTG GTC
TGG CTG AAC ACC TT; SOX2_F: GCC GAG TGG AAA CTT TTG TC;SOX2_R: GTT CAT GTG CGC GTA ACT GT; NANOG_F: TGC AAA TGT CTT
CTG CTG AGT; NANOG_R: GTT CAG GAT GTT GGA GAG TTC; KLF4_F:
GAT GGG GTC TGT GAC TGG AT; KLF4_R: CCC CCA ACT CAC GGA TAT
AA; STELLA_F: GTT ACT GGG CGG AGT TCG TA; STELLA_R: TGA AGT
GGC TTG GTG TCT TG; SALL4_F: TGC AGC AGT TGG TGG AGA AC;
SALL4_R: TCG GTG GCA AAT GAG ACA TTC; TBX3_F: GCA GCT TTC AAC
TGC TTC G; TBX3_R: TGA GGT TCG ATG TCC CTA CA; KLF2_F: CTA CAC
CAA GAG TTC GCA TCT G; KLF2_R: CCG TGT GCT TTC GGT AGT G;
FGF4_F: CTA CAA CGC CTA CGA GTC CTA CA; FGF4_R: GTT GCA CCA
GAA AAG TCA GAG TTC; TFCP2L1_F: CCC CTG CAA TAT GTG TTG TG;
TFCP2L1_R: AAA GTC TCC CAG CTT CCG AT; ZFP42_F: GCG TAC GCA
AAT TAA AGT CCA GA; ZFP42_R: CAG CAT CCT AAA CAG CTC GCA GAA
T; GBX2_F: CAC CAC GTC TAC GGG CAA GAA C; GBX2_R: AGC TGC
TGA TGC TGA CTT CTG A; IFITM1_F: ATG TCG TCT GGT CCC TGT TC;
IFITM1_R: GTC ATG AGG ATG CCC AGA AT; KIT_F: GGC GAC GAG ATT
AGG CTG TT; KIT_R: CAT TCG TTT CAT CCA GGA TCT CA; GAPDH_F:
AAG GTG AAG GTC GGA GTC AAC; GAPDH_R: CCT GGA AGA TGG TGA
TGG GAT.
2.4. Spontaneous in vitro differentiation
Embryoid bodies (EB) were grown in hESC maintenance medium
without bFGF on non-adherent plates. The EB differentiations were
performed on 0.1% gelatin-coated plates with DMEM medium plus
20% FBS, and the medium was changed daily.
2.5. In vivo differentiation assay
For experimental production of teratomas, 1 × 106 hESC were
transplanted into the kidney capsule of immunodeﬁcient SCID mice.
After 6 weeks, the resulting tumors were collected and ﬁxed in 4%
PFA. For histology analysis, sections of the teratomas were analyzed
after hematoxylin–eosin staining. All experiments involving laboratory
animals were performed under protocols approved by INPER and
Instituto de Neurobiología Committees.
3. Veriﬁcation and authentication
The karyotype was performed by Departamento de Genética
at INPER. The analysis through Giemmsa-Banding of chromosomes
showed a normal karyotype 46, XY.
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